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Figure	2	–	Schematic	of	the	mechanism	by	which	IGSF10	mutations	lead	to	1020	
DP.	Reduced	levels	of	IGSF10	expression	during	embryogenesis	(represented	by	1021	
green	triangle)	in	the	corridor	of	nasal	mesenchyme	from	the	vomeronasal	organ	1022	
(VNO)	to	the	olfactory	bulbs	(in	a	murine	model)	result	in	delayed	migration	of	1023	
GnRH	neurons	(represented	by	red	ovals)	to	the	hypothalamus.	This	presents	for	1024	
the	first	time	in	adolescence	as	a	phenotype	of	DP	due	to	abnormalities	of	the	1025	
GnRH	neuronal	network	(grey	arrows	linking	fetal	pathogenesis	to	adolescent	1026	
phenotype).	1027	
	1028	
	 30	
	1029	
Figure	3	–	Mutations	in	single	genes	at	many	levels	of	the	HPG	axis	can	1030	
cause	hypogonadotropic	hypogonadism	(adapted	from	[3])	1031	
	1032	
	1033	
	1034	
	1035	
	1036	
	 31	
Figure	4	–	Overlap	between	genetic	regulation	in	the	general	population	1037	
and	extreme	phenotypes.	1038	
Examples	of	genes	implicated	in	timing	of	puberty	from	genome	wide	association	1039	
studies	in	the	general	population	(GWAS),	conditions	of	GnRH	deficiency	such	as	1040	
idiopathic	hypogonadotropic	hypogonadism	(IHH)	and	Kallmann	Syndrome	1041	
(KS),	and	self-limited	delayed	puberty.	Pale	blue	unfilled	circles	represent	as	yet	1042	
undiscovered	genes.		1043	
	1044	
	1045	
	1046	
	1047	
	1048	
Figure	5	-	Genetic	regulators	in	the	trans-synaptic	and	glial	control	of	GnRH	1049	
neurons	during	puberty,	adapted	from	[44]	1050	
This	schematic	represents	a	model	whereby	key	transcriptional	regulators	1051	
govern	a	plethora	of	other	genes	(termed	“subordinate	genes”	and	“second	tier	1052	
genes”,	controlling	cell-cell	communications	and	cell	functions	respectively).	This	1053	
hierarchy,	itself	controlled	by	as	yet	unknown	upstream	controlling	genes,	1054	
integrates	the	neuronal	and	glial	networks	influencing	GnRH	neuronal	function.	1055	
	 32	
Inhibitory	inputs	are	primarily	from	GABAergic	(GABA	Neuron)	and	opiatergic	1056	
neurons	(preproenkephalinergic	neurons,	Prepro	ENK),	whilst	glutamate	(Glu	1057	
neurons)	and	kisspeptin	(KISS	Neuron)	are	the	central	excitatory	neuronal	1058	
signals.	Glial	cell	inputs	are	primarily	facilitatory.		1059	
	1060	
	1061	
	1062	
	1063	
	1064	
